HasPOU-III is expressed in multiple cell types during the first 3 days of development of the gastropod Haliotis asinina. HasPOU-III expression begins in two bilaterally symmetrical sets of cells on the ventral ectodermal surface of the trochophore larva; one set are putative foot mucous cells. After torsion, HasPOU-III transcripts transiently appear in the developing ganglia of the central nervous system. At the end of larval morphogenesis, HasPOU-III expression is initiated in dorsoposterior cells of the visceral mass, in the posterior cells of the statocyst and in the developing radular sac. These expression patterns in Haliotis, a spiralian lophotrochozoan, are similar to POU Class III genes in other bilaterians where expression occurs in secretory cells and the developing nervous system. q
Results and discussion
POU genes encode transcription factors that are characterised by the presence of highly conserved POU and homeodomains (Herr et al., 1988) . Expression in the nervous systems of vertebrates, Drosophila and Caenorhabditis elegans suggests POU genes play a central role in nerve cell differentiation and function (Veenstra et al., 1997) . POU is also expressed in a range secretory cells in these organisms and other ecdysozoans and deuterostomes (Bürglin and Ruvkun, 2001 ).
Herein we describe the expression pattern of a member of the class III POU genes in the gastropod Haliotis asinina. Haliotis develops in manner similar to other spiralian lophotrochozoans (van den Biggelaar and Haszprunar, 1996; van den Biggelaar et al., 1997) , which includes spiral cleavage, mesentoblast formation and a trochophore-like larval stage. Later in the development of Haliotis and other gastropods, the taxon-specific veliger larva forms which is an amalgamation of adult and larval structures (Giusti et al., 2000) .
Reverse transcription-polymerase chain reaction (RT-PCR) analysis of HasPOU-III transcript prevalence indicates that this gene is first expressed at the newly hatched trochophore larval stage (Fig. 1) . HasPOU-III transcripts are detected throughout larval development ( Fig. 1) and in a range of adult tissues (O'Brien and Degnan, 2000) .
HasPOU-III transcripts are first detected in two bilaterally symmetrical sets of cells in the ventral ectoderm of the trochophore, 8 h post-fertilisation (hpf): two large cells in the centroposterior region of the presumptive foot field and two smaller cells are located in more lateroanterior positions within the field ( Fig. 2A-D) . The central cells correspond to the presumptive mucous cells of the foot. HasPOU-III transcripts remain localised to these cells during and after ontogenetic torsion (,16-20 hpf) , where the cephalopedal (head-foot) region twists 1808 relative to the visceropallial (digestive gland-mantle) region B) . The mucous cells eventually localise to the dorsoposterior epidermis of the foot in the vicinity of the posterior of the operculum (Fig. 3A) . Prior to torsion, HasPOU-III is expressed transiently in two additional cells in the foot field, posterior to the stomodaeum and prototroch (Fig. 2E, F) .
After torsion, HasPOU-III transcripts are detected in the developing adult central nervous system (CNS), specifically in pleuropedal, cerebral and oesophageal ganglia (Fig.  3A,B) . After 4 h, expression is also detected in the branchial ganglion (Fig. 3B ). During these early post-torsional stages, HasPOU-III expression is maintained in the presumptive foot mucous cells. Additional localised expression occurs in older Haliotis veliger larvae. In the later veliger, HasPOU-III expression is restricted to an entirely new set of cell types ( Fig. 3C-G) . Transcripts are localised in cells located in the dorsoposterior region of the visceral mass ( Fig. 3C-G ). This region of the visceral mass forms the caudal part of the juvenile intestine where chymotrypsin gene expression occurs (Degnan et al., 1995) . Expression also occurs in the periodic acid schiff (PAS) reactive cells (Fig. 3D ) of the statocysts (Fig. 3C ,E-G) and in the presumptive developing radular sac (Fig.  3C,G) , which is the site of radular tooth formation.
This study is the first analysis of developmental expression of a POU gene in a representative lophotrochozoan. The ten distinct patterns of HasPOU-III expression that occurred in Haliotis over the first 3 days of development are predominantly in the CNS and a variety of secretory cell types. Comparison with POU-III expression patterns in ecdysozoans (e.g. insects and nematodes) and deuterostomes (e.g. vertebrates) (Treacy and Rosenfeld, 1992) , suggests that this class of POU genes plays a conserved role in the development of bilaterian nervous system. In addition, POU-III genes appear to be expressed in a range of bilaterian secretory and excretory cells, including the silk gland and other secretory tissues in the insect Bombyx mori (Kokubo et al., 1997) , the larval salt gland of the crustacean Artemia franciscana (Chavez et al., 1999) , and the excretory systems of C. elegans and vertebrates (e.g. Mathis et al., 1992; Spaniol et al., 1996; Bürglin and Ruvkun, 2001 ). In addition to ganglionic expression, HasPOU-III is expressed developmentally in the foot mucous cells (Fretter and Graham, 1962) , in the secretory region of the statocysts and in the vicinity of the radula-secreting sac.
Materials and methods

RT-PCR
Gametes of H. asinina were collected from natural spawning events (Counihan et al., 2001 ) and artificially fertilised. Embryos and larvae were maintained at 258C in 0.2 mm filtered sea water with 8 mg/ml rifampicin (Sigma). Total RNAs were isolated from embryonic and larval stages, and RT-PCR amplified using gene-specific primers designed to amplify either 660 bp of a portion of the open reading frame (ORF) and the 3 0 -UTR of HasPOU-III . Equivalent amounts of staged RNA, that were not reverse transcribed into cDNA, acted as control templates to account for DNA contamination.
Whole mount in situ hybridisation
A digoxygenin (DIG)-labelled RNA probe was transcribed from a linearised pBKS 1 plasmid containing a 660 bp insert of a portion of the ORF and the 3 0 -UTR of HasPOU-III (as described above). Whole mount in situ hybridisation (WMISH) was performed on fixed H. asinina larvae using this probe as described in Giusti et al. (2000) .
PAS staining
The PAS method (Culling, 1975) was used to identify structures rich in mucopolysaccharides or glycoproteins. Larvae were fixed as per WMISH and PAS staining was observed in whole mount larvae. (D) is enlarged 1.5 £ with respect to the other micrographs. Expression also is in 3-4 cells located at the right side of dorsoposterior edge of the visceral mass (#9). HasPOU-III transcripts also detected at this stage in cells in the vicinity of the radula sac (#10) which pushes against the ventral side of the mantle cavity. e, eye; f, foot; m, mantle; mo, mouth; o, operculum; pc, pallial cavity; s, statocyst; v, velum; vm, visceral mass. Scale bar 50 mm.
